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Abstract: The Baltic Sea is one of the most studied seas in the world and has been in the spotlight due to its wide 
range of environmental problems. Human impact and climate influence on the Baltic Sea is of major concerns. This 
study aims to reconstruct the environment of the south east coast of the Baltic Sea and also analyze the human 
impact and climate influence in changing the landscape and its impact on sedimentation pattern of the marine 
coastal sediments over time through high resolution particle size analysis using the Sedigraph method. Two stations 
were selected from the southeastern coast of the Baltic Sea: Gåsfjärden, Västervik and Yttre Redden, Karlskrona.  
Five cores were collected from Gåsfjärden, one 5.58 m core and four shorter Gemini cores (~0.5m) and similarly 
five cores were collected from Karlskrona, one 5.20 m and 4 shorter Gemini cores (~0.4m). The age model for both 
of the cores are based on AMS 14C dates. The Gåsfjärden core shows the last 6000 years and Karlskrona extends to 
the last 7000 years. The Gåsfjärden core has laminations in the whole core, which imply continuous low oxygen 
conditions in the area. The up-core decrease in the finer fraction is observed more or less throughout the Gåsfjärden 
core data which is attributed to deforestation, expansion of agriculture, erosion, and also the hydrographic 
conditions of the Baltic Sea. In the Karlskrona core there are large variations observed in the lower part of the core 
with little variability at the upper part. The large variability at the lower part is possibly linked to Littorina 
transgression and the small variability at upper part could be due to agricultural activities and climate changes. 
Natural drainage of the wetlands and ditching of fields are observed in the Gemini cores of both of the stations.  
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1 Introduction 
 
Baltic Sea is a relatively young and dynamic sea and is 
one of the world’s largest brackish water bodies. The 
Baltic Sea has transformed several times since the Last 
Ice Age (Ruskule et al., 2009). Today, the region has 
been in the spotlight due to its wide range of 
environmental problems. The influence of human 
impact and climate has varied greatly on for instance 
vegetation, landscape history, land use patterns and 
hydrology. The most debated argument goes with the 
role of human activity and its effects on vegetation, 
land use, and eutrophication. Lots of research has been 
done to understand its geological and environmental 
history; however, fewer studies focus on the coastal 
zones of the Baltic Sea.                     
 One important environmental factor also 
affecting coastal zone is land use and changes in land 
use. It includes modification of natural land which can 
also have a serious impact on natural resources like 
soil, nutrient, plants, water and animals (Hart, 1996). 
In the coming decades land use is one of the important 
challenges to deal with; to provide food, shelter and 
also raise the standard of living for the world’s 
population and also at the same time sustain ecosystem 
of living species and humans. In the future urban 
growth, cropland expansion and other land use 
changes should be planned keeping in mind the 
increasing population of the world and its outcome. 
The information on the pattern of existing and past 
land use changes are very important and necessary for 
the betterment of the use of land in future. This study 
focus on marine sediments covering the Littorina time 
into the present day from the Baltic coastal zone. The 
Littorina Transgression was the result of sea level rise 
in the Baltic, which was caused by melting of global 
ice and Scandinavian land uplift in the Mid Holocene. 
This transgression was not consistent. Instead, it is 
composed of different transgression waves (Berglund, 
1971) which led to different sedimentation patterns 
from 7500 BP to present.    
 The main aim of the study involves 
environmental reconstructions covering the last five 
millennia of the Baltic coastal zone and aims to better 
understand the variation in nutrient distribution and 
terrigenous sediment transport from land to the coastal 
zone. I want to analyze possible human impact on 
changes in land use through detailed particle size 
analysis of marine sediments and I aim to examine the 
accumulated sedimentation and match these to land 
use changes within the contributing catchment. 
 
1.1 General Baltic Sea setting 
 
The Baltic Sea is characterized generally as a semi 
enclosed sea having an open boundary towards 
Skagerrak and the North Sea, located between central 
and northern Europe having 53° and 66°N latitude 
with area of 412569 km2 and volume of 21631km3, 
Figure 1. Map of the Baltic Sea showing the major 
basins with its surrounding countries  (HELCOM,2008) 
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Figure 1 (Seifert and Kayser, 1995). It has series of 
basins and the main water masses include Bothnian 
Sea and Bothnian Bay along with Kattegat. The central 
part Baltic Proper is subdivided into Northern and 
Southern Proper and the Eastern and Western Gotland 
Basins. In the east of Baltic Proper there is Gulf of 
Riga and in the South there is Gulf of Gdansk 
(Ruskule et al., 2009) shown in Figure 1. The deepest 
part of the Baltic Sea is about 459m situated SSE of 
Stockholm. In the south the water depth is between 
25m to 75m, in the center it vary between 100-200m 
and 100-50m in the north  
 
1.1.1 Present day Hydrography 
 
The brackish water in the Baltic Sea is a result of 
inflow from saline water of Atlantic and fresh water 
input from precipitation and river runoff (Döös et al, 
2004) from more than 250 rivers (Ruskule et al., 
2009). Baltic Sea has an annual fresh water input of 
660 km3 from rivers and precipitation, the annual 
discharge of saline water is 950 km3, whereas the 
annual inflow of bottom brackish water is 475 km3 
(Björck, 1995). For the water balance evaporation is 
important as well. The average evaporation annually is 
approximately 493 mm, which reduces the average 
freshwater input to about 1900 m3.s-1 which is  14% of 
the total freshwater water input (Stigebrandt, 2001). 
The salinity of the Baltic Sea varies greatly in time due 
to in and outflows and wind induced mixing with 
saline Skagerrak waters (Stigebrandt, 2001). The 
inflow of saline water is through the Öresund and 
Danish Belt which are shallow and narrow, therefore 
the inflow of saline water are confined. As the saline 
water is denser it fills the deeper part of the Baltic Sea 
(Ruskule et al., 2009). The surface water salinity 
varies between 1 psu in north and between 6-8 psu in 
the central part. The salinity of deep waters of the 
central Baltic lies between 15-20 psu (Björck, 1995). 
1.1.2  Geology 
The oldest bed rock in the Baltic is the crystalline 
Precambrian basement in the Northern Baltic Sea 
sloping towards SSE below the sedimentary rocks of 
the Paleozoic and Mesozoic forming the bed rock in 
the south-eastern Baltic Sea (Winterhalter, 2001). The 
crystalline Precambrian basement rock has an irregular 
topography caused by glacial scouring while the 
sedimentary exhibits gentle topography (Winterhalter, 
2001). The bedrock is covered by fine grained 
sediments from silt and clay to gyttja clay. From the 
isostatic uplift and deglaciation the shallow area of the 
sea is eroded by waves and currents and fine grained 
sediments are redeposited in the deeper part. The 
coarse material consisting of silt, sand and gravel is 
left as a lag deposit (Winterhalter, 2001). 
1.2  Late Quaternary History of Baltic Sea 
The focus of this study is the last 5000 years; however 
in order to further understand the environmental 
changes it is necessary to understand how the Baltic 
Sea has developed into its modern settings. 
 The Baltic Sea has undergone through different 
stages during and after the last deglaciation from 
17,000-15,000 cal. BP to 11,000-10,000 cal. BP 
(Björck, 1995). The decay of the Scandinavian Ice 
Sheet led to sea level rise and glacio-isostatic uplift, 
which resulted into many different alteration of marine 
conditions within the Baltic Basin (Björck, 1995). 
From the bio and lithostratigraphic records four phases  
of Baltic Sea development have been identified.  
 1.2.1 Baltic Ice Lake (12,600-10,300 BP)  
  The first phase in the Baltic Sea as a result of 
receding ice sheet is the Baltic Ice Lake (Figure 2) 
(Björck, 1995), which led to large sedimentation rates 
due to glacial deposits and erosion in the east of Baltic 
Sea. Varved glaciolacustrine clay was deposited as a 
result of ice sheet retreat (Björck, 2008). The damming 
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of the glacial lake started due to the threshold uplift 
(Andrén et al 2011). The maximum size of the lake 
was thought to be in the Younger Dryas (Olausson, 
1982). The large drainage of the lake started from 
westward as result of ice retreat to the northern end of 
the Billingen (Björck, 2008). The final drainage of the 
Baltic Ice Lake from different evidences was dated to 
ca 11.7 Ka (Andrén et al., 2011).  
1.2.2 Yoldia Sea (10,300-9500 BP)         
After 300 years of the final drainage of the Baltic Ice 
Lake, sea water enter the Baltic Basin through the 
narrow straits of the south-central Swedish lowlands as 
a result of sea level rise (Andrén et al., 2011). From 
high uplift the straits got shallower which became an 
obstacle for the saline water to enter into the Baltic 
(Andrén et al., 2011). It took almost 250 years for the 
straits to open and weak brackish conditions took 
place for around 150 years shown in figure 3 (Björck, 
2008) and again the brackish phase ended. Most of the 
sedimentation during this time was of organic material 
(Björck, 2008). Most part of the Baltic Sea Basin  was 
deglaciated at the end of this stage which led to 
sedimentation in Baltic Sea Basin. In the Bothnian Bay 
varved glacial clay was deposited and during the same 
time in the central and southern part of basin 
postglacial sediments were deposited (Ignatius et al 
1981).  
1.2.3 Ancylus Lake  (9500-8000 BP) 
 
During the early Holocene there was more ice       
retreating due to the warmer climate which led to a 
distinct isostactic uplift in the central Sweden 
threshold areas (Steinselva channel and Göta Älv 
River) (Björck, 1995 and Yu, 2003). Therefore, the 
Baltic Basin again became a fresh water lake as a 
result of separation from the ocean as shown in figure 
4. The transgression of this lake was started earlier 
around 10,700 cal. BP which is marked by evidences 
from the well preserved pine stumps and elevated 
beach ridges in the south of the Baltic (Persson, 1978 
and Björck, 2008). In 10,000 cal. BP the sea level 
reached Darss Sill (Björck, 1995) and the erosion 
started which led to the initial drainage of the Ancylus 
Lake through the Dara rive (Figure 4). However recent 
studies suggested that the drainage pathway was the 
Great Belt Channel. (Bennike et al., 1998, Jensen et 
al., 1999 and Björck, 2008). During the Ancylus lake 
phase the sedimentation was also of weak organic ma-  
Figure 2 The configuration of the Baltic Ice lake prior to 
final drainage  (12,600-10,300 BP) (Andrén, 2003a) 
Figure 3. The configuration of the Yoldia Sea stage, the start 
of short saline  phase (10,300- 9500 BP) (Andrén,  2003b)  
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level rise up to 30m (Lambeck and Chappell, 2011) 
which led to the Littorina Transgression in the Baltic 
Sea around 7500 cal. BP (Berglund et al., 2005). There 
was a notable increase in water depth during the first 
three Littorina transgressions (Berglund et al., 2005) 
from Öresund and Great Belt. There was also a 
considerable increase in the inflowing saline water into 
the Baltic as an important outcome (Björck, 2008). The 
mid Holocene warmer climate and increasing salinity 
gave rise to a suitable aquatic environment in relation to 
the life diversity in the Baltic Sea. But higher primary 
productivity and stronger stratification caused by 
salinity in bottom water also resulted in anoxic 
conditions (Björck, 2008). The increase in the salinity 
and primary production in the Littorina sea stage also 
changed the character of the sediments to more muddy 
sediments (Winterhalter, 2001). Due to less cohesion of 
sediments and high water content, the gyttja clay was 
easily redeposited  even by weak bottom currents. 
 After 6000 cal. BP when the transgression started 
to slow down, this was the turning point in the 
development of the Baltic. The sea level ceased to rise, 
terial and glacially influenced in the north (Björck, 
2008). 
1.2.4 Littorina Sea (7500-4000 BP)  
The transition period of the Ancylus Lake to the 
brackish marine Littorina Sea is also a weak brackish 
phase between 9800-8500 cal. BP called as Initial 
Littorina Sea or Early Littorina Sea (Figure 5) 
(Berglund et al., 2005). The initial signs of the 
brackish water in the Baltic basin are dated to 9800 
cal. BP (Andrén et al 2011). The salinity was around 
0.8 psu in the northern part of Gulf of Bothnia and 1.3 
psu in central Baltic (Taipale and Saarnisto, 1991). 
The transition phase was later named as Mastogloia 
Sea. Although, the saline influence at that time was 
very weak probably because of weak connection 
between the  Baltic basin with the North Sea.  
  The next brackish marine phase, the 
Littorina Sea, is marked by increased sea water influx 
(Hyvärinen et al., 1988), lithogical changes (Andrén et 
al., 2011) as well as by the opening of the Öresund 
strait around 8500 cal. BP (Björck, 1995). The melting 
of the Laurentide and Antarctic ice sheet caused sea  
 
 
Figure 4. The culmination of the Ancylus  Lake Stage 
(9500-8000 BP)(Andrén, 2003c) 
Figure 5. Start of Littorina Sea stage (7500-4000 
BP) (Andrén, 2004) 
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the uplift pattern became complicated and as a result 
the magnitude of transgression became less (Björck, 
2008). But there was still uplift continued in Sweden 
and northwards which caused regression. Due to the 
regression the influx of the saline water became more 
limited (Zillén et al., 2008). My study focus on 
sediments covering the Littorina period into the 
present day.   
 
1.3 Present day environmental problems in 
the Baltic Sea   
 
 The Baltic Sea has borders with nine highly industrial 
countries and lies close to the air pollution main center 
in central Europe. Having small mean depth and 
narrow connections to the sea makes Baltic more 
vulnerable to anthropogenic influences (Wulff et al., 
1990). A large amount of nutrients in the Baltic Sea is 
coming from anthropogenic sources (Heinkanen, 
1998).  
 
1.3.1 Salinity  
In the history of the Baltic Sea the variation in the 
salinity have been caused by changes in the overall 
freshwater supply (Gustafsson and Westman, 2002). 
Most of the runoff and inflows are influenced by the 
climate conditions like Northern Atlantic Oscillation 
(Hänninen et al., 2000) The inflow of marine water 
from the North sea due to current and winds also 
regulate the mean salinity in the Baltic Sea (Lundberg, 
2005). The strongest recorded inflows during the 20th 
century were in 1913, 1921, 1951 and 1975-76 
(Matthäus and Franck, 1992). In January 2003, the 
first larger inflow since 1993 entered through the 
Danish Straits (Nausch et al., 2003).  
1.3.2 Oxygen  
Hypoxia, defined as <2 ml l-1 dissolved oxygen in  
aquatic conditions, below which the benthic organisms 
are negatively affected. Human and climate both 
played an important role for the present hypoxic 
conditions in the Baltic Sea. Hypoxia in the Baltic Sea 
was recorded from its formation (Conley et al., 2002). 
The Baltic Sea today has high conditions of hypoxia in 
the bottom waters which reduces the habitat for the 
living species as well as resources (Conley et al., 
2009a). Hypoxia also influenced the biochemical 
process that ensures the nutrient (nitrogen and 
phosphorous) in water column (Conley et al., 2002) 
which results in eutrophication. Due to eutrophication, 
phytoplankton increases in the water body. When large 
numbers of phytoplankton dies and fall to the sea 
floor, the decomposition processes in the bottom 
consumes oxygen resulting in the low oxygen 
conditions. Hypoxia can also occur due to vertical 
stratification of water column causing a strong 
halocline that reduces the exchange of oxygen from 
surface to the bottom waters resulting in less supply of 
oxygen to the bottom waters. The average area 
affected by the hypoxia in the Baltic Sea is 42,000 km2 
and over the past years hypoxia affected areas 
recorded is 60,000 km2 in the Baltic (Conley et al., 
2009a).       
 The oxygen concentration is partly impacted by 
the saltwater inflow and partly by the eutrophication. 
The nutrient rich bottom waters are pushed by saline 
inflows further north from the deep basin in the central 
Baltic (Cederwall and Sjöberg, 1995), without pushing 
the anoxic old water to north of Fårö Island as the 
volume of Eastern Gotland Basin is very large 
(Cederwall and Sjöberg, 1995). Due to increase in 
algal production following by the organic material 
transport to bottom, the sedimentation increases. The 
organic material decays and consumes oxygen which 
causes anoxia and hypoxia on a large scale (Karlson et 
al., 2002).       
 From 1970-2000, about 12,000 km2 to 70,000 
km2  of the bottom surface area of the Baltic had oxyg- 
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en concentration of 2 ml l-1  (Conley et al., 2002). In 
summers 2002 the concentration of oxygen at the 
Darss Sill was 1-4 ml l-1. In 2003 winter-spring there 
was no anoxia recorded in Bornholm Basin (Lundberg, 
2005). In the Gdansk Deep the mean concentration is 
about 2ml l-1 and in the deep waters of central Baltic 
Sea it varies from approximately 8ml l-1 (fully 
oxygenated) to anoxia (HELCOM 1996).  
1.3.3 Nutrients  
There has been an increase nutrient load and a large 
scale eutrophication noted in the present century 
(Wulff et al., 1990). Since 1960 the trend of inorganic 
nitrate and phosphate has been increased in the central 
Baltic, both in the bottom water and in the whole water 
column (Conley et al., 2009b). From the late 1980s to 
the beginning of the 1990s the concentration of total 
phosphorous decreased in the surface layer with 20% 
in the central Baltic. The concentration of total 
nitrogen also increased at the same time but again 
decreases to the same level as it was in the 1980s. 
(Larsson and Anderson, 1999). Since 2000 the amount 
of total nitrogen in the entire water column has been 
consistent in all the water basins, while the amount of 
phosphorous has decreased in the Eastern Gotland 
Basin, Bornholm and Gdansk and increased in the 
Western Gotland Basin and Northern Baltic Proper 
(SMHI, 2004). 
1.4 Land use changes 
During the last 6000 years the relationship between the 
land use and the natural resources has varied greatly 
the composition of the landscape (Ihse, 1995). 
Landscape is generally a synthesis of geomorphology, 
soil, plants, bedrock and animals, where topography, 
vegetation and hydrology formed the structures 
(Berglund et al., 1991). The influence of humans and 
climate has a great impact on these structures, more in 
regional vegetation and hydrology as compared to  
 
topography, mostly in  urban areas (Berglund et al., 
1991, Koff and Punning, 2002). The most notable 
impact of human on nature has been  deforestation and 
expansion of agricultural land (Kaplan et al., 2009). 
The human impact was high in the lowlands as 
compared to uplands of Sweden and grazing was 
dominant in the agriculture land use during the last 
6000 years (Berglund et al., 2002). One field farming 
system was dominating throughout the history of 
agriculture but around 1000 AD two field farming 
system was introduced in Sweden (Myrdal, 1997). In 
the shifting to the two field farming, the arable land for 
cultivation involved clearing of forests and grasslands 
during the Medieval expansion known from the 
palaeoecologcal studies (Berglund et al., 1991, 
Myrdal, 1997). The notable agricultural activity is 
dated to 1050-1250 AD, from the conversion of forests 
into cultivation fields (Stanèikaite et al., 2009). 
 The land use expansion is recorded during the 
Medieval Warm period (900-1200 AD) in Sweden. 
This activity came to a halt due to the Black Death and 
the agrarian crises in the Late Medieval (Myrdal & 
Morell, 2011). The cultivation in the arable land in 
Sweden again started in 16th century when the 
population started to increase and also when the 
industrial revolution begins in the 18th and 19th 
century, the area of cultivation increases with 60% in 
Sweden (Lagerås, 2007). When the Swedish 
population reached 6 million in 1920 AD, the 
cultivation area expanded to 3.8 million ha which is 
the greatest arable land area recorded in Sweden, 
which largely declines after 1960 due to the 
introduction of synthetic fertilizers (Morell, 2001). In 
the last century modern land use takes place instead of 
small scale agriculture which includes commercial 
forestry and crop cultivation (Antonsson and Jansson, 
2011).       
 In this study I want to study the anthropogenic 
impact on the land use and how it has changed through 
time covering the last five thousand years from Littor- 
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ina Transgression into the present day in the south east 
Swedish Baltic coast.  
1.5   Grain-size analysis 
Grain-size analysis gives information about the 
sedimentary environments and paleoenvironmental 
processes. It has long been used as an excellent tool to 
provide information about sediment provenance, 
depositional condition and sediment transport history 
(Friedman, 1979). Grain size data also gives 
interpretation of characteristics of the whole particle 
size distribution which offers information about 
changing environment conditions and depositional 
processes. It is also very useful for distinguishing 
between multiple sedimentary processes (Beierle, 
2002). There are different techniques to determine the 
grain size which include dry and wet sieving, 
measurement by laser granumeter, X-ray sedigraph,  
coulter counter and direct measurement. These 
methods give information about different aspects of 
size of grain (Blott and Pye, 2001).  
2 Study area 
Two stations were selected from the south eastern 
coast of Sweden in the Baltic Sea. The first location, 
Gåsfjärden, is located south of the town Västervik, 
Småland shown in figure 6, which is a more remote 
location compared to the other station. The town of 
Västervik was moved to its current location in 1433 
AD, before that it was located at Gamleby (north of 
Västervik). The population of Västervik was 21,140 in 
2010. The surface salinity in Gåsfjärden varies 
between 3.5 to 6psu and the bottom water salinity 
varies between 6.4 to 6.7 psu based on monthly 
average of 16 years (1995-2010) and surface water 
temperature varies between 3 to 7°C also from the year  
Figure 6: Map of the study area, 6a showing the Karlskrona area and the core location, 6b showing the Gåsfjärden 
basin and the location of the core (pictures 6a and 6b are taken from Google maps) 
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1995-2010 (SMHI data base SHARK). The second 
station is located close to Karlskrona, Blekinge 
Archipelago shown in figure 6, south Sweden and is 
more affected by  anthropogenic impact as compared 
to Västervik. Karlskrona is a locality with population 
of 35,000 in 2010. It is founded in 1680 and grew very 
quickly by 1750 it had a population of 10,000. It is 
also known for the only remaining Swedish naval base 
and the headquarter of Swedish Coast Guard. It was 
also one of the largest industrial workplaces in Sweden 
in late the 18th century (Hilson, 2001). The surface 
salinity varies between 6.8 to 7.2psu and the bottom 
water salinity varies between 7 to 7.7psu from monthly 
average of 13 years (1998-2010) and average surface 
water temperature varies between 2 to 18°C and 
bottom water temperature varies between 2 to 11°C 
also from the year 1998-2010 (SMHI data base 
SHARK). 
3 Method 
3.1 Core collection and subsampling 
The sediment cores were collected during a research 
cruise r/v Ocean surveyor in the summer of 2011 from 
two different sites, the first station is Gåsfjärden 
Västervik, (57°34'23"N, 16°35'26"E). The Gåsfjärden 
core was collected at 31m water depth and is 
dominated by gyttja clay as well as distinct 
laminations all throughout shown in figure 7. The 
other core is close to Karlskrona (56°7'53"N, 15°
32'55"E). The Karlskrona core was collected at 10m 
water depth and is  dominated by homogeneous gyttja, 
clay with less lamination shown in (Figure 8). A piston 
corer was used to collect the long cores and Gemini 
corer was used to collect the short cores from both of 
the sites. After collecting the cores, they were visually 
inspected to identify the laminations, colors and shells. 
Five cores were sampled at Västervik Gåsfjärden, one 
5.78 m core and four shorter gemini cores (~0.5m).  
Similarly five cores were sampled at Karlskrona one 5.20 
m and four Gemini cores (~0.4m). The cores were sliced 
at Lund University lab at 1 cm intervals and put into 
marked plastic boxes. 
Figure 7: Photo of Gåsfjärden sediment core showing the 
lamination throughout the core length 
Figure 8: Photo of Karlskrona core showing the brownish 
homogeneous gyttja. 
3.2 Sediment geochronology   
The age models for both of the cores are based on 
AMS 14C measurements. 14C measurement was done 
at the AMS Laboratory at Lund University. 14C 
measurement is a (radiocarbon) dating method to 
calculate the age of carbon bearing material up to 58 
000 to 62 000 years (Plastino et al., 2001). 14C in the 
atmosphere can be fixed into plants by 
photosynthesis. The resulting of this isotope in the 
plant matches atmospheric isotope fraction. When the 
plants are consumed by organisms or they die, the 
organic material of 14C fraction declines due to 
radioactive decay of 14C at a constant rate. From the 
remaining fraction of a sample of 14C to 14C expected 
from atmosphere gives the age of the sample (Lowe 
and Walker, 1997). In this study, the radiocarbon  
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emitted. Wavelength spectra and emitted fluorescence 
energy helps to identify the atoms of particular 
elements that allows estimation of relative abundances 
(Weltje et al., 2008). 
3.4   Particle Size analyses 
The particle size analysis was done following 
Hengstum et al (2006). To analyze the grain size 
distribution of the sediment cores, all the organic, 
carbonate and silica material must be removed from the 
samples. 63 samples were analyzed from Gåsfjärden 
(57 from long core and 6 from gemini core) and 53 
samples were analyzed from the Karlskrona (48 from 
long core and 5 from gemini core)    
 As there was much organic material in the 
sediments, several experiments were done; finally 5 – 6 
cm sediment intervals were necessary to combine to get 
enough material (for the pretreatments). To remove the 
organic matter from a sample in a mixture of 100 ml de
-ionized water, 15 ml of hydrogen peroxide H2O2  
(33%) was added to approximately 13 g of sediment 
from the Karlskrona core sample and 11 g from 
Gåsfjärden core samples in a beaker. For making the 
reaction fast the beaker was heated on a hot plate until 
the reaction ceases and it was allowed to cool to 40°C. 
15 ml of Hydrochloric acid (HCl) of 10% concentration 
was then added to sample to remove of carbonate 
material and again heated for about one minute. After 
heating, 100 ml de-ionized water was added to dilute 
the HCl from the sample. Then we centrifuge down the 
whole sample, filled the centrifuge tubes with de-
ionized water and shook the sample in the vortex 
(mixer) to mix with water. The centrifuging and 
decantation was repeated until to get neutral pH.  
 To remove biogenic silica opal from the sample, 
the sample was boiled in 100 ml solution of 2.0 M 
concentration of Sodium Hydroxide NaOH (8%) until 
the reaction ceased. Then 100 ml de-ionized water was 
added to the beaker and we then repeated the dilution 
  
 
ages were measured on four mollusk shell and five 
terrest-rial plant fragments from Västervik and twelve 
mollusk shell fragments from Karlskrona were 
radiocarbon dated at the Radio Carbon Dating 
Laboratory of Lund University using Accelerator Mass 
Spectrometer (AMS).    
 The Västervik core extends from 4086 BC to 
1896 AD and the Karlskrona core extends from 5216 
BC to 1478 AD. The age model gives an average 
sedimentation rate which is approximately 10cm/100 
years but change in sedimentation rate was observed in 
the Karlskrona core from 1561 BC to 1478 AD. The 
dates were calibrated using the Ox Cal v 4.1.7. The 
marine ages were corrected for the marine reservoir 
effects i.e. age of 300 years.    
 The chronologies for the Gemini cores for both 
of the sites are not established yet. The length of the 
Gåsfjärden is around 50 cm and Karlskrona is 40cm. 
The assumed chronology for the Gemini cores is taken 
as 1mm/year sedimentation rate by taking the long 
core from each site as reference then the gemini cores 
extend from 2011 AD to 500 years AD for Gåsfjärden 
and 400 years AD for Karlskrona. 
3.3   X-ray fluorescence (XRF) methods 
I had also access to the X-ray Fluorescence (XRF) 
data, done previously by Anupam Ghosh and Wenxin 
Ning, researchers at Lund University working on the 
same cores. I used that XRF data to support my 
particle size interpretation. XRF is an analytical 
technique used to estimate the composition of 
sediments and rocks (De Vries and Vrebos, 2002). 
XRF is also widely used for chemical analysis, 
elemental analysis and for research in geochemistry, 
archaeology and forensic science. The basic principle 
of XRF analysis is the excitation of electrons by 
incident X-radiation (Weltje & Tjallingii, 2008). When 
the electrons are ejected from the inner atomic shells 
and create an empty space which is filled by outer 
shells electrons, because of which the extra energy is  
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are divided into clay (<4 µm), very fine to fine silt (4- 
16 µm) and medium to coarse silt (16-63 µm). The 
concentration of sand is very low in both of the cores 
whereas silt and clay are dominating.  
4.1 Gåsfjärden Västervik  
The cores sampled in Gåsfjärden have laminations 
almost throughout the core length. The long core is 
578 cm long and represents the time between 4086 BC 
to 1896 AD and the Gemini core is 50 cm and 
represents the time between ~1500 to 2011. The 
laminations were very distinctive in the lower part of 
the core and gradually decreased in distinctness the 
upper part. The analyzed samples in Gåsfjärden 
mainly consisted of unconsolidated grey to dark grey 
gyttja clay. The sediment nature was dominantly clay 
(85-90 %) with clayey silt and silt fractions. The sand 
fraction was very low with only 0.5% of the total 
weight of the sample. Generally, there is an overall 
increasing trend in the clay content and decreasing 
trend in the silt fraction upwards along the long core 
length (older to younger horizons) shown in figure 9. 
 Overall the mean particle size has a trend 
towards finer particles from 4000BC to 1000 BC, large 
variability is observed during Holocene Thermal Max- 
and centrifuging step until neutral pH was reached. 
Then we checked through the microscope that 100 ml 
NaOH is enough to take away all the opal material, if 
they are still there  the process with NaOH was 
repeated.      
 We then filled the centrifuge tubes with Calgon 
(Sodium pyrophosphate) and shook the tubes in the 
vortex so that the sample was mixed in the Calgon. We 
put the samples into the beaker and added more Calgon 
up to 100 ml. In order to disperse the grains we put the 
beakers on the shaking table overnight. Once the grains 
had dispersed we sieved the samples with 63 µm sieve. 
The amount of sand consists of >63µm from the total 
amount of each sample is also analyzed. The material 
>63 µm was transfered to a weighed boat and then we 
put them into the oven to dry overnight and then 
weighed again. The <63 samples were used in the 
Micromeritic Sedigraph III 5120 for the particle size 
analysis.      
 The sedigraph method for particle size analysis 
is based on Stoke’s Law when a particle falls in a liquid 
it has a velocity which depends on the size and density 
of the particle material and density and viscosity of the 
liquid, as large particles settle quicker than small 
particles. To detect the changes and size in the 
suspended sediment the sedigraph uses parallel X-ray 
beam at different vertical distances when the particle is 
settling. 
4 Results  
The results of the particles size analysis are shown in 
figures 9-14, together with the XRF data shown in 
figures 15 and 16. There are two main standardized 
grain size scales Udden-Wentworth (1922) and 
Friendman & Sanders (1978) shown in Table 1, the 
result present here are according to the Udden-
Wentworth (1922) standardized particle size scale. In 
order to describe the sediment composition the fractions  
 Clay 
                                                     
Grain 
size  
mm/
µm 
  Size Descriptive  Terminologies 
  Udden-
Wentworth   
(1922) 
Friedman & 
Sanders (1978) 
32-63        Coarse silt   Very coarse silt 
16-32       Medium silt   Coarse Silt 
8-16       Fine silt Medium Silt 
4-8      Very fine Silt Fine Silt 
1-4  Very Fine Silt 
<1 Clay 
Table 1: Size scale of the grains fraction used by 
Udden-Wentworth (1922) & Friedman & Sanders 
(1978) 
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imum/Littorina Transgression 4000 BC to 3500 BC 
and then from 1000 BC mean has increasing trend 
from 2.7 to 4.5 µm to the top with again large 
variability (figure 10). In the clay fractions during the 
period of Holocene Thermal Maximum/Littorina 
Transgression 4000 BC-2000 BC there are relatively 
small changes seen in the grain size plot, figure 10. The 
mean values were constant between 3.5-4.5 µm in this 
time period without any distinct trend, a small decrease 
in the coarser fraction (16-63 µm) can be noticed until 
3000 BC.  Then there is an increase in the clay 
fractions profile which can be seen from 3000 BC i.e. 
the end of the Holocene Thermal Maximum to 1000 
BC. From 1000 BC to the start of the Medieval Warm 
Period (MWP: 950-1250AD) around 1000 AD there is 
a distinct increase from 85% to 89% seen in the clay 
fraction which can also be seen in mean. In the larger 
particle fraction (4-16 µm) there is a decrease from 
around 1000 BC (Late Bronze Age) to 1000 AD from  
10% to 8%.  In the last 1000 years there is a sudden 
change in very fine to fine silt towards larger values 
around 1000 AD, then the profile stays constant 
towards the upper most part of the core in both clay 
and coarse fractions.     
 Sand only consists of 0.5% from the total 
weight of the sample which is very low. There is an 
overall decreasing trend in sand from older to younger 
horizons shown in figure 9. Large variability is seen in 
Holocene Thermal Maximum/Littorina Transgression 
4000 BC to 35000 BC in sand fraction then  from 2000 
BC to 1000 BC the variability decrease and then again 
from 1000 BC to top there is large variability seen in 
the sand fractions.     
 The sediment has a mode (dominant particle 
size) that varies between 1-1.8 µm with an increasing 
shift in 200 AD. The average modal value is 1.3 µm. 
The standard deviation (degree of sediment sorting), 
indicates that both the fine and coarse interbeds were 
Figure 9:  Particle size parameters of Gåsfjärden core  (clay, very fine-fine silt, medium-coarse silt and sand). 
HTM=Holocene Thermal Maximum, RWP=Roman Warm Period, MWP=Medieval Warm Period, LIA= Little 
Ice Age  
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Figure 10: Particle size statistics of Gåsfjärden core (mean, mode and standard deviation) 
Figure 11:  Particle size results and statistics of Gåsfjärden gemini core (clay, very fine-fine silt, medium-
coarse silt, sand, mean, mode and standard deviation) 
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fairly sorted, figure 11.    
 The Gemini core shows the last 500 years BP 
which extends from ~1500 AD to 2011 AD. There is 
about 4% decrease in the clay fraction but increase in 
all silt fractions. There is significant increase in the 
coarser fraction (16-63µm) from 2% to 6% and 
decrease in the clay from 90% to 85% seen in the last 
100-150 years shown in figure 11. There are no such 
changes seen in the very fine to fine fraction (4-16 
µm). The concentration of sand in the Gemini core is 
also very low about 0.04% of the total sample weight 
and remains more or less constant throughout the core. 
There are no large changes in the mode and in the 
standard deviation large spread of sediments are seen 
from the last century. 
4.2 Yttre Redden, Karlskrona 
The samples analyzed from the long core sampled in 
Karlskrona archipelago  also consist of unconsolidated 
brownish homogeneous gyttja. The upper most few cm 
of the core were lost during the sampling. The long 
core is 515cm long and represents the time between 
5216 BC to 1478 AD and the Gemini core is 40cm and 
represents the time between ~1600 to 2011. The long 
core and the Gemini core might not overlap 
completely. The sediment nature is dominantly clay 
(~70%) with clayey silt and silt fraction. An overall 
increase in the in clay fraction and decrease in silt 
fraction is observed in the Karlskrona area (older to 
younger horizons), shown in Figure 12.  
 There is a significant variation seen during the 
Littorina Transgression (~4000 years BC) / Holocene 
Thermal Maximum where there is a substantial 
increase in the clay fraction from 64% to 75% and 
decrease in the medium to coarse silt fractions from 
16% to 8%, figure 12, similarly decreasing trend is  
also observed in the mean values of particles shown in 
figure 13. In the Littorina transgression around 4000 
BC there is a slightly decrease in the clay fraction 
from 75% to 68% until 3000 BC. From 3000 BC to 
1000 BC there is large variability in the mean and 
other size fractions but without any major trend. The 
profile has minor fluctuations from Roman Warm 
Period (RWP) to the start of the Little Ice age (LIA) 
without any changes in the mean of the grain size, 
however there are changes in the different size 
fractions. Then again there is a decrease in the coarser 
fractions (16-63 µm) at around 1000 BC till 200 AD, 
then from 200 AD there is a sudden increase seen in 
medium to coarse silt and decrease in clay fraction and 
after that again a decrease in medium to coarse is 
observed.       
 The concentration of sand is low i.e. 1.5 % of 
the total weight of the sample in the Karlskrona core. 
Overall there is also a decreasing trend in sand from 
older to younger horizons of the core shown in figure 
12. These is large variability and decreasing trend in 
the profile at the lower part of the core and little 
variability at the upper part without any large trend. 
 The Gemini core for Karlskrona represents last 
~400 years i.e ~1600 to 2011 AD. There is a 
significant increase in the coarser silt fraction (16-
63µm) from 11% to 19% seen from the last 300 years 
to present as well as a decrease in the clay fraction 
from 70% to 57% at the from 1700 AD to 1800 AD 
and opposite trend is observed in very fine to fine silt 
(4-16 µm) profile during this part of time, figure 14. 
The mean particle size shows increasing trend in the 
Gemini core from old to younger horizons with 
substantial increase in the last 200-250 years. The 
mode varied between 0.2-0.5 µm. The standard 
deviation has lower value in the lower part and 
deviates  to  higher values  from  1700 AD onwards. 
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Figure 12: Particle size parameters of Karlskrona (clay, very fine-fine silt, medium-coarse silt and sand). 
HTM=Holocene Thermal Maximum, RWP=Roman Warm Period, MWP=Medieval Warm Period, LIA= Little 
Ice Age. 
Figure 13: Particle size statistics of Karlskrona core (mean, mode and standard 
deviation) 
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Figure 14: Particle size results and statistics of Karlskrona gemini core (clay, very fine-fine silt, medium-
coarse silt, sand, mean, mode and standard deviation) 
4.3 XRF 
4.3.1 Gåsfjärden, Västervik 
In ratio Zr/Ti there is decreasing trend in the HTM/
Littorina Transgression. From 3000 BC to 200 AD Zr/
Ti ratio fluctuates without any trend and then from 200 
AD (mid of RWP) there is an increase in Zr/Ti and it 
continues to the top of the core. In K/Ti ratios there is 
an overall decreasing trend for most of the core. The 
K/Rb ratio stays constant in the lower part of the core 
and is similar to that of K/Ti with decreasing trend 
from 500 AD to top. Bromine Br stays constant till 
3000 BC and then starts to decrease towards the upper 
part of the core (figure 15).  
Figure 15: XRF elemental data of the Gåsfjärden core for the ratios (Zr/Ti, K/Ti, K/Rb and Br) 
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4.3.2 Karlskrona  
At the end of Littorina transgression (4700 BC – 4000 
BC), there is an increase in Zr/Ti and decrease in K/Ti 
and K/Rb ratios. In the remaining portion there are 
fluctuations but not such distinctable change and are 
almost constant towards the upper part of the core. The 
profile of Bromine is fluctuating at the lower part of 
the core. From 500 AD there is a decreasing trend 
towards upward in the profile (figure 16). 
5 Discussion 
Since the coastal marine sediments presented here are 
very fine-grained fractions, the chances of 
modification during transport are large because of the 
selective sorting as fine grained sediments are 
efficiently mixed (Kairyte et al., 2005). In addition, 
fine grained particles can also represent remote 
sources as they could be transported in suspension 
from over a large distance (Blashchishin, 1976). 
 Down core intensities for Zr, Ti, K, Rb and Br 
were measured on both long cores and in general they 
support the variation of the grain size data. Chemical 
elements like Zirconium (Zr) and Titanium (Ti) are 
mostly found in weathering resistant silicate minerals 
(Brady, 1990). Zr is enriched in coarser fraction i.e. 
medium to coarser silt and Ti is usually enriched in 
fine fractions (Taboada et al., 2006) which give 
indication of change in size of sediment grains. More 
coarser fraction like sand is enriched in Potassium (K). 
Bromine (Br) tells about the organic carbon content 
and its relation with the marine core. 
5.1 Gåsfjärden, Västervik 
The lamination in this core indicates low oxygen 
conditions in the bottom water. During the Holocene 
Thermal Maximum/ Littorina Transgression period 
there are very small changes seen in the grain size 
particles that show little influence of human on the 
landscape  and  difficult  to  detect  any  significant   
Figure 16: XRF elemental data of the Karlskrona core for the ratios (Zr/Ti, K/Ti, K/Rb and Br) 
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changes seen in the grain size, as this is the period 
when the transgression ended in 4000 BC and the 
regression occurred due to uplift that decreased the 
saline inflow as well (Zillén et al., 2008). The uplift 
resulted in decreasing surface area in the Baltic and 
enhances coastal processes which may lead to erosion 
of the sediments and redeposition of clay.      
 The bay from where the core is collected is  
also affected by the Littronia transgression. The 
Gåsfjärden basin is more or less isolated from the main 
Baltic because of the narrow and shallower sills. The 
depth of the bay is not very large but still there are 
laminated sediments found that indicates less oxygen 
conditions during the time of  the Littorina 
transgression when the sea level was higher and the 
water could easily enter the study area and high rate of 
sedimentation took place. The narrow sills might be 
the result of the regression after the land uplift and 
make it difficult for bottom waters to exchange with 
the main Baltic Basin. The less exchange of bottom 
water and also the high river inflow from two rivers 
are likely the cause of the preservation of the 
laminated sediments.    
 The slight increase in the finer fraction (<4µm) 
from 3000 BC to 1000 BC could be the result of 
seasonal river runoff due to the seasonal ice melting 
and precipitation or it can also be the indication of the 
starting of the agricultural activities in this period and 
due to the expansion of cultivated and grazed areas the 
topsoil erosion increased. At this time the large 
ecological changes and opening of the landscape at 
smaller areas occurred (Berglund, 1991). The local 
expansion of agriculture activities during this time 
were more dominant in the southern Sweden (Myrdal 
& Morell, 2011) and agrarian activities are also more 
concentrated towards the coasts of southern Sweden 
(Berglund, 1991).                    
 The substantial change seen in grain size 
around 800 BC with a shift towards more finer 
particles (Figure 9) which  is  also  supported  by  the   
XRF data (K/Ti, K/Rb, Zr/Ti), could potentially be an 
indication of early signs of land-use changes in the 
Gåsfjärden region and shows the expansion of agriculture 
from local to regional level and deforestation. This is the 
time when evidence of soil erosion appeared in southern 
Sweden and also for the first time evidence of lake 
eutrophication is seen as a result of transport of nearby 
soils mineral nutrients (Berglund, 1991). The increasing 
amount of clay particles noted in the Roman Warm 
Period could be because of the intense deforestation 
mostly in the coastal areas. This increase of fine fraction 
in the RWP can also be seen in the XRF data of Zr/Ti 
ratio that indicates the sedimentation upward is towards 
the fine fractions, more clay or less silt. There is also a 
decreasing trend in Br seen at the same time that extends 
to the upper most part of the core which perhaps shows 
increase of terrestrial organic carbon input from RWP to 
present (Ziegler et al., 2008). In the coarser fractions (4-
16 µm) of Gåsfjärden from 0-500 AD slightly decreasing 
trend is noted which can be interpreted as reforestation in 
the nearby areas. In this time period the landscape was 
more stable with very low soil erosion (Berglund, 1991). 
 There is again increase seen in both fine fractions 
(clay and fine silt) untill around 1000 AD which is also 
supported by XRF data. In this time period two-field 
agrarian system was introduced from one-field system 
(Mydral, 1997). This shifting requires clearance of forests 
and grassland. Also in this time period hypoxia was 
recorded in the Baltic Sea (Baltic Proper) which overlaps 
the MWP and correlates with increase in population and 
regional changes in land use mostly in the Baltic 
catchment (Zillèn et al., 2008). It is known from the 
studies that nutrient loading is increased due to cutting of 
forests (Likens et al., 1970). In Gåsfjärden since it is 
stagnant basin it was continuously low oxygen 
conditions.      
 In the last 1000 years, finer fractions dominates 
over coarser fractions, could perhaps relate to the plague, 
Black Death. The Black  Death  occurred after the early 
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(Berglund, 2002). The water column near the shore 
also got increased which made the coastal waters 
calmer as well which lead to increased sedimentation 
of the finer particles (<4 µm). Also from the sea level 
changes there could be coastal soil erosion. From 
evidence the main Littorina transgression sediments 
are defined by the transition to marine clayey gyttja 
(very fine sediments) (Yu, 2003). During Littorina 
transgression there was a rapid increase in the saline 
water throughout the Baltic Sea Basin and also organic 
content increased in the sediments which can be 
supported by the increase in the Br from XFR data in 
this time period. In this study I also noticed that the 
sedimentation rate is higher during this time of period 
about ~1 mm/yr. as compare to the upper part of the 
core which is about ~0.5 mm/yr.   
 After the Littorina transgression around 4000 
BC there is a decrease in the clay fraction and increase 
in the coarser fraction. This decrease is seen till 3000 
BC which can be interpreted as coastal erosion. After 
the transgression of the Littorina, the uplift was greater 
than the global sea level which results in regression 
(Zillén et al., 2008). These fluctuations in the sea level 
could possibly explain the eroision of top soil. 
 In the Karlskrona core the changes in the grain 
size started earlier as they were expected. The decrease 
in the very fine to fine silt fractions from 1000 BC in 
the sedimentation pattern could be probably due to the 
restructuring of agriculture and pasture farms during 
that time (Middle Bronze Age). There was a drastic 
landscape change around 800 BC due to the 
deforestation expanding pasture landscape in the 
coastal plains in the southern Sweden (Berglund, 
1991). In this time period the human impact was more 
due to the well-developed transhumance system 
(seasonally shifting livestock from one grazing field to 
another) was introduced instead of wood pasturing 
(Berglund, 1991). The sudden increase in coarser 
fraction  medium  silt  to  coarse  silt  around  500 AD   
  
medieval expansion, in the 14th century. The Swedish 
population declines from 1100,000 to 347,000 
(Andersson Palm, 2001). This decline is called late 
Medieval Crisis due to decrease in abundance and total 
productions of farms (Lagerås, 2007). Then during the 
Little Ice Age there are no large changes and the data 
looks stable and constant which could be possible as 
there was cold climate condition which results in less 
river runoff and soil erosion.     
 In the Gemini core which shows the last 500 
years from ~1511 to 2011 years AD. There is an 
increase in the coarser fractions (16-63 µm) from 2% 
to 6% in the last 200 years this can be interpreted as 
the forests present near the area where the core is 
taken. In this area the human impact is  low and more 
trees are growing due to which there is less top soil 
erosion. This significant increase could be because of 
the surface runoff and precipitation or could also be 
possible from the industrial revolution in the 18th and 
19th century when the arable area of increases with 60 
% in Sweden (Lagerås, 2007) or due to the decreased 
amount of wetlands in the early 20th century in the 
area, the drainage and  ditching occurred and resulting 
in the transport of coarser silt to the basin. 
5.2 Yttre Redden, Karlskrona 
The grain size distribution in Karlskrona display 
significant variations and a large increase in the finer 
fractions during the Littorina transgression (maximum 
~4000 years AD)/Holocene Thermal Maximum which 
can be interpreted as substantial changes in 
sedimentation environment with a fluctuating water 
depth.  During this time water table became higher and 
there was calmer environment than today. There were 
different separate transgressions due to the collapse 
between the Antarctic Ice Sheet with its immense ice 
shelves and also from the melting of the North 
American  Ice  Sheets  which  results  in sea  level  rise  
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al when shifting the sample material from centrifuge 
tubes to beakers. Karlskrona dates from upper part of 
long core are uncertain. The age models of the gemini 
cores are based on the extrapolation of the long cores. 
7 Conclusion and comparison of two 
systems 
 
This study uses particle size analysis data to 
demonstrate the anthropogenic and climate influence 
seen in the sedimentation pattern in both Gåsfjärden 
and Karlskrona basin. From the results the 
environment in both Gåsfjärden and Karlskrona has 
not been same during the last 5000 years. Clay (<4µm) 
fraction dominates in both of the cores (Gåsfjärden 
and Karlskrona) as compared to very fine to fine silt (4
-16µm), medium to coarse silt (16-63µm) and sand 
(>63µm).       
 There are anoxic conditions found in the 
Gåsfjärden basin since it is a stagnant basin while in 
Karlskrona very little laminations are observed in the 
whole core. There are more coarser sediments found in 
the Karlskrona basin as compare to Gåsfjärden and the 
presence of organic matter in both the cores are very 
high. The signs of soil erosion and first time lake 
eutrophication are seen around 800 BC in Gåsfjärden 
area perhaps as a result of land use change and nutrient 
input into the basin.      
 For Gåsfjärden long core the notable changes 
are observed in the grain size since approximately 
Roman Warm Period while in Karlskrona long core 
the significant variations are seen in Holocene 
Thermal Maximum/Littorina Transgression. These 
changes are also supported by the XRF (K/Ti, K/Rb 
and Zr/Ti) data.    
 Karlskrona is more influenced by the Littorina 
Transgression as compare to Gåsfjärden. In Gåsfjärden 
region the landscape is mostly influenced by the 
agriculture and deforestation in the past 5000 years 
whereas Karlskrona is more impacted by the human 
could be the because of the bottom current activity and 
in the upper part of the core there are no changes seen, 
the plot is constant and stable. Around 200 AD there is 
an increasing shift in clay which could be due to the 
reforestation and also at that time the landscape was 
more stable and low soil erosion was recorded 
(Berglund, 1991).      
 The Gemini core of Karlskrona shows the last 
400 years from ~1600 to 2011 AD (Figure 14). There 
is a substantial change seen in the coarser fraction 
from the last 300 years. The significant increase in the 
coarser fractions medium to coarse silt as well as sand 
could be because of two reasons. In late 16th century 
the town of Karlskrona was founded, the land was 
deforested for the urban and commercial growth. Also 
the population of Karlskrona grew rapidly, in 1750 the 
population of Karlskrona was 10,000 and became one 
of the biggest city in the country. The other reason of 
this large change in the coarser fractions could also be 
because of the drainage of the wetlands and ditching of 
fields in the vicinity of Karlskrona, which resulted in 
transport of coarser fraction to the basin.  
 The decreasing trend of Zr/Ti, K/Ti and K/Rb 
ratios of XRF data in the HTM/Littorina transgression 
indicates that the there was an increase in the fine 
fraction and confirms the results that can be seen in the 
particle size analysis data of the same core. The values 
of Br fluctuates in this time period may be because of 
the different separate Littorina transgressions and 
decreases at the upper part also showing more 
terrestrial input and more organic content in the 
sediments. 
6 Error analysis 
This is the first time, I performed grain size analysis to 
this extent. We combine 4-5 cm intervals of samples 
so there might be some data which does not show the 
realvalue of that depth. Pretreatments were done very 
accurately, still there are chances of losing  the materi- 
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influence in recent years. The drainage and ditching of 
wetlands in Karlskrona occurred approximately 100 
years before Gåsfjärden area  
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